Background: Cognitive impairment is a recognized consequence of heart failure; however, there are no neuropsychological batteries with documented psychometric data in the chronic heart failure population. Aims: To document the psychometric properties of a brief neuropsychological battery in a chronic heart failure sample. Methods: The Repeatable Battery for the Assessment of Neuropsychological Status, Trail Making Test Part A and Part B, and letter fluency was administered to a sample of individuals with chronic heart failure.
Introduction
Intact cognitive function is paramount to an individual's overall ability to follow complex medical regimens, recognize worsening symptoms and avoid frequent hospitalizations. Approximately 28% to 58% of individuals with heart failure (HF) suffer from impairment of one or more cognitive domains (i.e. attention, working memory, learning, delayed memory, executive function, and psychomotor speed) 1, 2 . The neurological processes that occur in these domains allow an individual to perceive and store information (attention, working memory and learning) and then recall and respond to subsequent environmental stimuli (delayed memory, executive function and psychomotor speed). For example, individuals with HF are taught to monitor daily weights and increase diuretic dosage or contact their medical provider if a weight gain above a prescribed threshold or increased shortness of breath occurs.
Cognitive impairment to any one of the above listed domains can complicate self-management and lead to undesired outcomes for individuals with HF. This hypothesis is borne out as one considers that science has made great strides in understanding the etiology and treatment of HF, yet, individuals with HF still experience one of the highest 90-day re-admission rates of any chronic illness, with inability to follow complex regimens and recognition of worsening symptoms cited as main reasons for re-admission [3] [4] [5] [6] . While the etiology of cognitive impairment in HF remains unidentified, interventions are needed to compensate for the cognitive impairment that is present. However, before interventions can be designed and tested, several scientific gaps need to be addressed. Documentation of psychometric data is a major gap that must be addressed in order to assure sound methodology for future research of cognitive function in HF. Based on the limitations of the current literature, the following factors influenced choice of neuropsychological battery. First, the battery assesses multiple domains (i.e. attention, immediate memory, delayed memory, learning, executive function and psychomotor speed). Early studies used only measures of global cognitive function such as the Mini-Mental Status Exam (MMSE) 7-10 that have a limited ability to identify subtle impairment in specific domains that are more commonly experienced by individuals with chronic HF. Second, the battery is brief, because fatigue is a common complaint in patients with HF and can affect neuropsychological test scores. Previous studies that utilized comprehensive neuropsychological batteries documented that as many as onethird of the participants were unable to complete various tests because of fatigue [11] [12] . Therefore, after the brief yet comprehensive neuropsychological battery was constructed, our group documented feasibility of the battery in a sample of patients with chronic HF 13 . The purpose of this study was to document the psychometric properties of the battery in a sample of individuals with chronic HF.
The specific aims were to: 
Methods

Sample
Following Institutional Review Board approval, a convenience sample of stable community dwelling NYHA class I-IV individuals with chronic HF was recruited from a large Midwestern HF Clinic. Individuals with systolic or diastolic dysfunction were recruited based on the inclusion/ exclusion criteria listed in Fig. 1 .
Procedures
Prior to study implementation, the primary investigator (L.C.B.) was trained in administration and scoring of the neuropsychological instruments. Participants provided informed consent for the study, and then completed the neuropsychological battery in a private examination room within the clinic. Following the neuropsychological testing, participants completed questionnaires related to various clinical characteristics (e.g. activity and functional status). Finally, participants were interviewed for demographic data and chart review was completed for collection of clinical data.
Participants who lived less than 20 min from the clinic were scheduled for repeat neuropsychological testing approximately one week following the initial assessment in order to obtain test-retest reliability data. In the literature test-retest reliability was documented within a broad range (1-day to over 2-years) [14] [15] [16] [17] [18] [19] [20] . Decisions related to test-retest timing rely on factors such as population stability. Given the relative instability of the HF population, a goal of seven days between testing sessions was set to avoid possible confounders. If testing sessions occurred to closely together there was an increased risk of practice effects on several of the tests in the battery (e.g. Trail Making Test, letter fluency) and if the testing sessions were too distant, there was an increased risk of changes in disease/symptom status (i.e. instability). Stable weight (changes of ≤2 pounds over the course of one week) was used as a proxy measure for stability of HF, because it is unknown whether cognitive function differs between individuals with stable HF versus acutely decompensated HF. Participants were allowed to complete test-retest measures at intervals longer than seven days if stability of HF was documented. Several participants had vacations scheduled and therefore could not be back in clinic within the seven day goal time period.
Instruments
The instruments have been described in detail previously 13 , so only a brief description is provided, along with pertinent psychometric data. The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was used to measure several of the cognitive domains (attention, immediate and delayed memory). The test contains 12 subsets (list learning, story memory, figure copy, line orientation, picture naming, semantic fluency, digit span, coding, list recall, list recognition, story memory, and figure recall) that contribute to 5 index (i.e. domain) scores (immediate memory, visual/spatial construction, language, attention, and delayed memory) and a general global score. For this study the Duff et al. normative sample was used. In the Duff normative sample, the means for all five RBANS indices and general global score are 100 (SD = 15) 21 . The RBANS alternate form (B) was administered during the test-retest data collection in order to minimize practice effects. The RBANS has been validated against other, more lengthy batteries, such as the Wechsler Adult Intelligence Scale -Revised (WAIS-R), with index and total score correlations ranging between 0.62 and 0.78 in a sample of 127 adults 18 . Unfortunately, no psychometric data for the RBANS were identified within the HF literature. Trail Making Test Parts A and B were used as measures of psychomotor speed (Part A) and executive function (Part B). Trail Making Test Part A and B have age and education adjusted normative data from a wide range of clinical populations, including cardiovascular disease 17, 20 . In terms of validity as compared to other measures, Trail Making Test Part B has been measured against the Wisconsin Card Sort Test (WCST) in patients treated in Veteran's Administration clinics, and was found to be a more sensitive measure of cognitive flexibility and ability to maintain set 22 . For this study we used the published normative sample data from Tombaugh et al. in which the normative sample mean scale score for Trail Making Test Part A was 9.8 (SD = 2.8) and 9.9 (SD = 2.9) for Trail Making Test Part B 20 .
Letter fluency (D words in 1 min) was also used as a measure of executive function. Letter fluency has been validated against neuroimaging in multiple clinical populations (including Alzheimer's dementia, Parkinson's disease and multiple sclerosis) and was associated with frontal lobe structures vital to executive function tasks 16 . The normative sample means for letter fluency were used with permission from the UCSF Memory and Aging Center. The mean raw scores were delineated by age groups (in years): ≤59, mean = 18 (SD = 3.5); 60-69, mean = 16.3 (SD = 6.0); 70-79, mean = 15.9 (SD = 4.6); ≥80, mean = 14 (SD = 4.6) 23 .
In order to identify cognitive impairment, z-scores were calculated. RBANS Index and Total Scale scores, Trail Making Test Part A and Part B scores, and letter fluency raw scores were converted to Z-scores. A Z-score of ≤1.50 was used as the cut-off for cognitive impairment per accepted neuropsychological guidelines 17 .
Data analysis
SPSS for Windows Version 17 was used for data analyses. Descriptive statistics were completed for demographic variables and for all neuropsychological test scores. A singlesample t-test was performed to compare the mean of the chronic HF population to the mean of a published normative sample for each instrument. Because individuals with chronic HF as a group are hypothesized to have experienced some decline in cognitive function, one-tailed tests were used across the set of tests. To explore the effects of possible confounders, Pearson correlation coefficients were calculated between individual test scores and age, previous education, and disease severity indicators (LVEF, NYHA class). Each test score from the neuropsychological battery was correlated with the total score on the IADL instrument; then, the five RBANS indices, Trail Making Test and letter fluency were correlated in order to document similarities (convergence) among the tests. In order to estimate testretest reliability, Intraclass correlation coefficients with 95% confidence intervals around the point estimates for each subscale, index, or test for the scores were calculated from the two administrations of the test battery (referred to as test-retest correlation throughout Results and Discussion sections). All statistical tests were conducted using α = 0.05.
Results
One hundred and two potential participants were approached to participate in the study. Fifteen declined participation because of time constraints (e.g. conflicts with scheduled transportation to/from the clinic that was provided by a family member or friend). Three declined participation stating that they were 'too tired' or 'just not feeling up to testing' on that day. Finally, four participants were excluded because of history of stroke or other neurological condition. The final sample consisted of 80 community dwelling NYHA class I-IV individuals with chronic HF. The sample was primarily Caucasian (99%), with a mean age of 72 ± 12 years. Duration of HF diagnosis ranged from 6 to 380 months (mean 87 ± 76). Participants were on stable doses of beta-blockers, angiotensin converting enzymes, angiotensin II receptor blockers, diuretics, and cholesterol lowering medications unless contraindicated. Other commonly prescribed medications included blood thinners, vasodilators, and digitalis preparations. Remaining demographic data for the sample are listed in Table 1 .
Aim 1 -normative comparisons
The scores for all RBANS indices, RBANS Total Scale, Trail Making Test Part A and Part B and letter fluency were normally distributed with minimal skewness (range 0.41-(−)0.93) and kurtosis (range 1.72-(−)0.75). The mean values of this sample were significantly lower than the normative sample means in tests of immediate memory (p < 0.001), language (p < 0.001), attention (p < 0.001), delayed memory (p < 0.001), executive function (p < 0.001) and psychomotor speed (p = 0.028) (see Table 2 ).
While clinical characteristics, such as sleep quality, daytime sleepiness, physical activity, and depressive symptoms were not associated with scores on the neuropsychological tests, other demographics were significantly associated with various neuropsychological test scores. New York Heart Association Class was significantly negatively correlated with measures of psychomotor speed (r = −0.43, p < 0.001), executive function (Trail Making Test Part B) (r = −0.27, p = 0.018), attention (r = −0.24, p = 0.036) and global cognition (RBANS Total Scale Score) (r = −0.23, p = 0.037). Previous education was significantly correlated with measures of psychomotor speed (r = 0.29, p = 0.009), executive function (letter fluency and Trail Making Test Part B) r = 0.43, p < 0.001 and r = 0.40, p < 0.001, respectively), and global cognition (RBANS Total Scale Score) (r = 0.22, p = 0.048).
Aim 2 -concurrent validity
The Lawton Instrumental Activities of Daily Living questionnaire was significantly correlated with the RBANS Immediate Memory Index (r = 0.28, p = 0.02), RBANS Total Scale Score (r = 0.29, p = 0.02), letter fluency (r = 0.26, p = 0.03), Trail Making Test Part A (r = 0.35, p = 0.00) and Trail Making Test Part B (r = 0.27, p = 0.03). See Table 3 .
Aim 3 -convergent validity
For the most part, the RBANS indices, Trail Making Test Part A and Part B, and letter fluency were moderately correlated to each other. The magnitudes of these correlations indicate that the tests are measuring related, but different domains of cognition. The highest correlations were observed between the RBANS Total Scale Score and RBANS Immediate and Delayed Memory Indices (r = 0.78, p < 0.001 and r = 0.76, p < 0.001, respectively) (see Table 3 ).
Aim 4 -test-retest reliability
A subsample of 21 participants was eligible to retest with the neuropsychological battery. The average time between testing session was 12 (SD = 6.9; mode = 7) days. Table 4 illustrates the test-retest correlations for this neuropsychological battery. The test-retest correlations for the RBANS indices (i.e. visual/spatial/constructional, language, attention, immediate and delayed memory and the Total Scale Score) ranged from 0.39 to 0.84. The test-retest correlations for letter fluency and Trail Making Test Part A and B in this sample ranged from 0.79 to 0.84. Table 4 illustrates the 95% confidence intervals around the test-retest correlations as well as the calculated Chronbach's alpha for each test in the neuropsychological battery.
Discussion
This study is the first to document the psychometric properties of a neuropsychological battery that is appropriate for use in individuals with chronic HF. Reliability and validity measures documented by this study support continued use of this battery in the HF population. Similar to our previous feasibility findings, the mean time of administration for the neuropsychological battery in this sample of individuals with HF was 45 min (all participants required less than 60 min). Impairment in attention, immediate memory, delayed memory, executive function and psychomotor speed were prevalent in this sample. These findings are congruent with previous findings from the HF literature 11, 12, 24, 25 . Two measures of executive function were utilized for this study (i.e. Trail Making Test Part B and letter fluency) due to the complexity of this domain and the lack of sensitivity of Trail Making Test Part B in previous literature 12, [26] [27] [28] . Research in other clinical populations has successfully used letter fluency as a measure of executive function (e.g. Alzheimer's dementia, and Mild Cognitive Impairment) 29, 30 .
Findings from this study provide preliminary support for the use of letter fluency tasks as a measure of executive function in the HF population. However, given the dearth of literature related to executive function testing in the HF population, replication of these findings is warranted.
Only a limited number of studies have examined the immediate memory and visual/constructional domains. Similar to studies by Wolfe et al. and Suavé et al., this study documented impairment in immediate memory. The literature related to visual/constructional testing is even scarcer. Only two studies have examined the visual/constructional domain, with mixed results 31, 32 . Findings from this study document that the visual/constructional domain is preserved in patients with HF. Given the lack of evidence and conflicting results, further evaluation of immediate memory and visual/constructional skills is necessary as science continues to tease out which cognitive domains are impaired and preserved within the chronic HF population. Neuropsychological instruments may be influenced by age, education, and other clinical factors such as disease severity. In this sample of individuals with chronic HF, disease severity (NYHA class) had significant relationships with measures of psychomotor speed (TMT A), attention (RBANS Attention Index), executive function (TMT B) and global cognition (RBANS Total Scale Score). Other studies have found similar relationships between neuropsychological test scores and disease severity 11, 12, 24, 33 . Future studies should further explore the influences of age, education and disease severity on cognitive impairment in the chronic HF population.
Instrumental activities of daily living, such as those measured by the Lawton Instrumental Activities of Daily Living questionnaire, require intact cognitive processing that goes beyond the physical function necessary to complete activities of daily living (e.g. bathing, toileting). Commonly in the neuropsychological literature, researchers document concurrent validity of scores against measures of instrumental activities of daily living. In elderly chronic illness populations such as dementia and Huntington's disease, declines in cognitive function significantly correlate to decreased scores of the Lawton questionnaire 16, [34] [35] [36] . This study is one of the first to document the relationship between cognitive impairment and activities integral to independent living. Therefore, while correlations achieved in the current study were all moderate (0.27-0.35), the results do document concurrent validity between the RBANS indices, RBANS Total Score, Trail Making Test Part A and Part B, and letter fluency and functional measures such as Lawton's Instrumental Activities of Daily Living questionnaire. However, since concurrent and ecological validity are an integral part of population specific instrument validation, further study, utilizing Lawton's Instrumental Activities of Daily Living questionnaire, as well as other objective functional measures is necessary as researchers continue to advance the science related to cognitive function in the chronic HF population.
In general, moderate correlations were documented between the RBANS indices, Trail Making Test Part A and Part B, and letter fluency (r = 0.15-r = 0.38). The highest correlation (r = 0.67) was between the RBANS Immediate and Delayed Memory Indices. This is an expected finding as both tests are designed to measure the domain of memory. The findings from this study compare to findings from the original RBANS normative sample 18, 37 . Further, the RBANS Attention Index was significantly correlated to other measures of attention in this study (i.e. Trail Making Test Part A and Part B; r = 0.50, r = 0.51, respectively) and letter fluency was significantly correlated to the other measure of executive function (i.e. Trail Making Test Part B, r = 0.61). Overall, these findings suggest that this group of neuropsychological tests is measuring distinct aspects or domains of cognitive function with evidence for convergent validity.
Previous RBANS normative samples have reported moderate to strong test-retest correlations of 0.46-0.82 14, 15, 18 Alzheimer's dementia, stroke, and multiple sclerosis have ranged from 0.69 to 0.85, with length between testing sessions ranging from one day to one year 19, 39 . The test-retest correlations for this study are congruent with previous literature and suggest that Trail Making Test Part A and Part B and letter fluency are stable measures of cognitive function in the chronic HF population. Our findings support the use of the neuropsychological battery tested here in future research studies. Further research is warranted to examine the trajectory of cognitive impairment across HF disease duration in order to better understand etiology and progression. Validity evidence provided by the use of neuroimaging is also warranted in future studies. New neuroimaging techniques may increase understanding related to areas of the brain that are affected by the chronic HF disease process, as well as the etiology of cognitive impairment, guiding compensatory interventions for cognitively impaired individuals.
While this battery shows promise for use in HF research, more studies are needed to analyze individual tests to explore optimal screening instruments for use in the clinical setting. Because the RBANS requires specific neuropsychological training related to administration and scoring and results must be interpreted by a licensed or certified neuropsychologist, making it impractical for use in most clinic settings. So, while this study provides support for use of the entire battery for research purposes, further studies are needed to explore whether specific tests or sub-tests provide adequate sensitivity to detect the presence of cognitive impairment in HF clinic populations.
Finally, the current findings support the use of age and education adjusted normative data as an acceptable alternative to age and education matched controls in the chronic HF population. Given the difficulty and expense of recruiting age and education matched controls for studies of cognitive impairment in HF, this finding is important.
Limitations
The findings from this study add to the current literature but are limited by several factors. Convenience sampling was used, which limits generalizability of the study's findings. The test-retest sample size was small, limiting power of the analyses. Medications such as beta-blockers and angiotensin converting enzyme inhibitors may affect scores on neuropsychological tests; however, they were not controlled for during this study. The sample was from a single practice where the majority of participants were on similar medication regimens, however, future studies would benefit from analysis of specific medication classes and their relationship to neuropsychological test scores. No control group was utilized, therefore, no comparisons could be made between the age and education adjusted normative sample data used in this study versus age and education matched normative data. Finally, a self-report measure of functional status was used to provide concurrent validity evidence, and participants may not be able to accurately estimate or self-report their functional status.
